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INTRODUCTION 


Although vitamin A is a substance of utmost importance in 
animal nutrition, no direct evidence has been presented as yet 
showing that any one of its four common precursors: alpha-caro~ 
tene, beta-carotene, gamma-carotene, and eryptoxanthin,g can be 
synthesized during animal metabolism, Vitamin A is not mow 
te occur in the plant kingdom, Beta~carotene generally is more 
plentiful in plant tissue than the other potential sources of 
vitamin A, This is fortunate, for its molecular structure gives 
it twlee the vitamin A potency as is possessed by the other plant 
pigments which can serve as precursors to vitamin A, 

Alfalfa meal is in large demand as a source of vitamin A 
in manufactured anime] feeds, This is illustrated by the fact 
that 60 of the 72 alfalfa dehydration plants operating in Kansas 
in 1948 have been established since 19+, Considerable experi~ 
mental work has been done to determine the effects of various 
environmental factors upon the increase and preservation of caro- 
tene in alfalfa. It has been shown algo that the amount of caro- 
tene in alfalfa varies with the genetic make-up of the plant, but 
the actual mamer of inheritance has not been demonstrated, 

The object of this study was to observe the variations in 
earotene content in alfalfa under conditions of controlled breed- 
ing, and to present preliminary information concerning the mamoer 
in which carotene content in alfalfa is inherited, 


REVIEW OF LITERATURG 


Titus (2942) reported that histological examination of 
chicken tissue has indicated that vitamin A functions in the 
nourishment and repair of both internal and external epithelial 
tissue of the body, Eiehhorn, ot al. (1942) have shown that when 
vitamin A is not present to function in rejuvenation, normal 
epithelial tissue soon becomes keratinized (horny) and as a 
result, bacterial infection, xerophthalmia, and other symptoms 
appear, which, if not corrected by the addition of vitamin A to 
the ration, will cause ultimate disablement or death of the ani« 
mal concerned, White scours of calves, anssarca and edema of 
cattle, and the loss of reproductive ability are all indicators 
of a greater or lesser degree of vitamin A deficiency. 

Hackerott (196) has shown that moisture conditions under 
whieh alfalfa has been grown has a marked effeet upon its caro~ 
tene content. Plants grown in the greenhouse and in the field 
with tho soil moisture content approaching drought conditions 
were significantly higher in carotene than those grown in soil 
near field moisture holding capacity, He, along with other work« 
ers, has also show that fertilisers in general do not increase 
carotene content of alfalfa unless soil fertility is very low, 
Lime and nitrogen applications under greenhouse conditions caused 
an increase in total carotene, but this evidently was due to an 
inerease in the leaf@stem ratio, According to Ham and Tysdal 
(1946), the leaves contain 77.1 percent of the total carotene 


of the alfalfa plant. This statement agrees in general with the 
findings of Hauge (193+) who reported that the leaves contained 
10 to 1+ times as much carotene as the stems. : 

Any factor vhich esuses a chlorosis of the plant leaf will 
reduee its carotene content, Jolmson (1938) found that alfalfa 
which had been protected from leaf hopper attack by dusting had 
significantly higher carotene content at harvest and after sev- 
eral months’ storage in a warm attic than alfalfa not dusted and 
severely yellowed by leaf hopper attack, This evidence was sup= 
ported by Ham and Tysdal (1946) who noted that badly-yellowed 
strains of alfalfa contained less carotene than strains which had 
. Some resistance to leaf hopper damage, Hamer (1975), working 
with turnip greens, decided that any nutrient deficiency which 
would cause a chlorotic condition of the leaves would have a 
detrimental effect upon the carotene content of the plant. 

J With respect to stage of growth, Hauge (193+) has demonstra 
ted that young alfalfa 10 to 12 inches high has greater vitamin A 
potency than alfalfa in the bloom stage. This agrees with the re- 
sults of Ham and Tysdal (1946) who found that the new, more succu- 
lent alfalfa growth was higher in carotene than the older growth, 
They reported that the stems of the younger material did not vary 
greatly in carotene content from the stems of older plants, but 
the leaves of the former were considerably higher in carotene 
than those of the latter. Meenan (1945), however, reported that 
carotene is continually built up in the leaves of the alfalfa 
plant until the blooming period, He found more carotene in the 


leaves of older plants than he did im young material and consid~ 
ered that the loss in total carotenoid content of the plant as it 
matures was probably due to the loss of leaves. 

cral plants is under genetic control, le Rosen, et al, (19:1), 
working with the factors R and r, governing respectively the red 
and yellow flesh color of tomatoes, found that dominant R was 
accompanied by high lycopene content of red tomatoes as well as by 
increases of yellow carotenoid pigments, They concluded that this 
gee might have a pleiotropic effect or that a series of genes 
controlling carotenold content might be closely linked to flesh 
soler of tomatoes, Kohler, ot al, (19%7) obtained yellow high 
Baltimore x Fl (Rutgers x Lysoversicum hizsutm--P. I. 126445) to 
factors involved in the control of betascarotene, It appeared to 
these authors that beta-carotene was produced at the expanse of 
dycopene since these deep-orange, high betascarotmme segregates 
did not have a higher tetal carotenoid content than the red, low 
beta-carotene parent. 

The relationship between the gonetic make«up of corn and its 
Vitamin A and carotene content has been the objective of several 
investigators, The earliest work reported is that of Steanbock 
and Boutwell (1920) whe found that the deep yellow seeds on cars 
segregating for white and yellow endosperm were higher in vitamin 


& than a mixture of the white and pale yellow seeds, This con 
dition was substantiated by Hauge and Trost (1928) and by Hauge 
(1930) who reported that they could find this fat-soluble sub~ 
both white and yellow kernels were produced on the same ear, In 
an article published in 1930, these same authors came to the con- 
clusion that the vitamin A activity of yellow dent cern was con- 
dort and Prape (195%) supported this éonedustied vhen Wey ebtadiied 
evidence that the amomt of vitamin A in the corn kernel was di- 
reetly related to the number of ¥Y genes present for yellow endo« 
sperm expression, They suggested a chemical reaction which night 
have taken place between these genes and some substance in the 
endosperm of white-and yellow corn. They found white corn to be 
very low in vitamin A activity, bat es factors for yellow endo~ 
sperm were Introduced, each geno indueed the formation of approxi« 
mately 2.5 units of vitamin A per gram of sead, indicating the 
fact that the carotenoid pigments might be intermediate products 
results, They found that upon doubling the chromosome nuuber of 
dipleld corn, there was a 40 percent increase in totel carote- 
noida content accompanied by a proportionate increase in vitamin A 
activity, This, along with an inersase in cell volume of 3,6 
times over that of the diploid plants, resulted in a five-fold 
increase in the asount of carotene per cell, An accummlation 


effect was noted following chromosome doubling, with each gene 
present for yellow endosperm expression being responsible for 
the formation of 2.5 times more carotene than in the diploid cells, 
even though the mmber of genes per unit volume was greater in the 
diploid than in the tetraploid cells, Jolmson and Miller (1939) 
reported similar xenfa effects and also came toe the conclusion 
‘thet the carotene content of the foliage of the corn plant was 
- 4ndependent of the factors responsible for that of the corn kernel, 
since no significant correlation between the two was noted, 
Studies carried on with carrots by Busweller, et al, (1935) 
have shown that in inbred lines carotene content becomes more mni- 
forts These authors considered that they had obtained segregates 
etehs SO Uh NE OE Nees Mah SY eee 
into commercial varieties, 
in alfalfa is controlled by heritable factors, Ham and Tysdal 
(1946) obtained strains and hybrids whieh they considered to dif- 
fer inherently in carotene content, since the variations shown by 
the progeny were consistent when factors detrimental to carotene 
to be an indicator of high carotenoid content in general. They 
thought also that high carotene might be associated with dark 
green leaf color. Hackerott (19:6) found differences in total 
earotencid content between strains and clones of alfalfa and ob- 
tained a significant correlation between the carotene content of 
polycross progeny and the carotene content of their maternal par= 


ents. He decided that these differences could not be attributed 

completely to difference in percentages of leaves between plants, 
but was at least partially due to variation in concentration of 

carotene in the plant tissue, He concluded that carotene content 
in alfalfa is evidently inherited and that the polyeross method as 
used in alfalfa breeding is a satisfactory one by which the abil-~ 
ity of clones to trensmit their genetic factors for high carotene 


All alfalfa plants used in this work had, ss their origin, 
sis Seam we ® civean of seed at ek A 
(1) the selfed progeny of K30~-3y K30~5y K30-21 (C-91)5 K30=55 
(C+95) 4 30-58 (C=96) K30-63 (C~97), K30~6% (C~9S), (2) the FL 
populations of the cross K30+21 x K30=55 and its reciprocal,* 
These plants were selected for study on the basis of of observations 
made by Hackerott (1946). The ercsses were made by Albert Davis 


S year 1943 in wh witch iho selection vas cade, witte the. 
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in the greenhouse in 198,” With the exeoption of 130-3 and 
K30~5, these plants are all a part of the alfalfa breeding pro 
gran carried on at the Kensas Agriculturel Sweriment station in 
: eooperation with the Division of Forage Crops and Diseases, Bureau 

of Plant Industry, Soils end Agrieultursl Engineering, Us Se Dy Ae 
Putare reference vill be mate ty the parental planta sed tn thts 
experiment using only the seleetion number, 

The progenies of these plants were started in flate in the 
greenhouse and transferred to the field in April, 1940, Planting 
was done at random in 3¢«inch rows with plants 18 inches apart in 
a wniformly sandy loam soll. An overhead sprinkling system was 
inetalied in order to maintain an optimum and uniform moisture 
content of the soll throughout the season, The plot was fertie 
lized with 16-20-60 applied at the rate of 300 pounds per acre, and 
sprayed at regular intervals with a suspension of 50 percent wet- 
table DDT in water in order to keep the population of leaf hopper 
 Guponace Labae Harr) and other folfage~daneging insects at a 
minimum, Three cuttings vere taken during the growing season. 
At the time of the second and third cuttings, notes were taken on 
leaf color, blossom color, disease, leaf retention, stage of matue 
rity and leafiness, 

Carotene analysis was made by the method of Mitehell and 
King (1958), Ismedlately after cutting, the samples were trans~ 
ferred to the laboratory where they were blanched in an autoclave 
ee ee 
“asia o Feee tm . of Payette State Revie, Areansats ; 


for 10 minutes at 10 pounds pressure in order to inactivate the 
 @ngyme system responsible for the destruction of carotene in 
wilted alfalfa, After blanching, the samples were dried in a cir+ 
culating hot air oven at 65° F, for a period of four to five hours, 
The plant material was ground in a Wiley mill to pass through a 
20emesh screen, thoroughly mixed and sampled. These samples were 
stored in paper envelopes at -20° C, to prevent carotene loss due 
to atmospheric oxidation until carotene analysis was carried out. 
‘This analysis consisted of the extraction of a one gram sample of 
the dried plant material overnight in a solution of one part ace- 
tone to two parts Skellysolve Be The carotenes were separated 
from the other plant pigments using an absorption colum consist» 
ing of two parts Hyflo-Supercel and one part magnesium oxide, and 
were eluted from the colum by the addition of a four to five per~ 
gent solution of acetone in Skellysolve 5, The various carotene 
fractions were not separated, Color density measurements vere 
obtained by use of a Beckman quartz spectrophotometer, These were 
converted and are reported as milligrams of carotema per 100 grams 
of dry matter. 


EXPERIMENTAL RESULTS 


Statistical tests vere made to determine the variation pres- 
ent both between plant groups and among the plants of any single 
groups Only ome carotene sample was collected from each plant 
per cutting; the variation within a sampled Line could not be de- 
termined with accuracy as the different sampling dates could not 


10 

be said to constitute replications, — 
san dmportant source of variation was that attributable to 
differences in the stage of maturity of the plants at the time of 
harvest, particularly in the third eutting. Figures 1 and 2 rep~ » 
resent the regression of carotene content on stage of maturity 
for the entire population of plants, Regression coefficients of 
2.1000, «1000, and <1,3298 wore caleulated for the first, second, — 
and third cuttings, respectively, That for the first eutting ap- 
for the third cutting was significant at the l-percent level. 

Some plants vere lost after the first and second cuttings as 
@ result of lack of vigor; thus, carotene values for all plants of 
each group were not obtained for all cuttings, The selfed prog~ 
enles of plants 3 and 63 were so depleted that no attempt was made 
to make individual analyses of these groups, Only three individ- 
uals were available from plant 6% at the beginning of the experi- 
ment; therefore, this group was also omitted from these calcoula~ 

As only one reading per cutting was available for each plant, 
analysis of variance on the basis of total carotene produced dur- 
ing the season was calculated, eliminating those plants from con~ 
sideration for which three readings were not obtained, Table 1 
‘presents the results obtained from these calculations, ‘Tho most 
outstanding souree of variation in carotene content of each plant 
Group was that attributable to differences between cuttings, In 
each case, a highly significant caleulated F value was obtained, 


Carotene content 
Milligrams per 100 gram dry matter 


Carotene .content 
“illicrams per 100 eram dry matter 


a, 
_-— 


11 


50 


~~, 


> 


Woon nn nnn seme nn= - 555-85 ~ ee 


P.B. Bud Eis 1/3 1/2 Full 


Fige 1. Mean carotene content of alfalfa plants in various: stages 
of maturity for entire population for first and second 
cutting. 
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Fie, 2. Mean carotene content of alfalfa plants in vsrious stages 
of maturity for entire population for third cutting. 
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13 
_ This agrees with the results of Hackerott (1946) who found that 

carotene content of alfalfa is generally higher in the spring and- 
carly sumer, and in the fall, than 2% is in midswmer, The means 
of the plant groups used tn this experiment compiled on the basis 
of one cutting eagh on Jume 6, July 12, and August 26, indicate 

that, on the average, the greatest amount of carotene vas found in 
the plant material collected in tho August cutting, and the Least 


|. dm tha July cutting (Pig. 3). Moisture content of the soil was 


. Kept es uniform as possible during the course of these studies; 
_ therefore, £t 1s doubtful that these differences in carotene con 
tent ean be attributed to a varying molsture supply. 

Data presented in Table 1 show that there was no significant — 
aifferenes among the plants of the selfed progenies of plants Sy 
55, ant $8, and the hybrid progeny of the cross 95 x 21, an F 
value of 1,83 was caleulated for the latter group with F @ 1,90 
required for signifieante at the Sepercent level, Analysis of 
che data collected for the selfed progeny of plant 22 and the PL 
generation of the cross 21 x 37 iniieated that there were highly 
lenieieant 4itterences anmng the plants in aot of Shape te 
populations, 

Table 2 shows thet the selfed progeny ef plant 22 oontatned 
individuals with the hicghest caretene content, Plant 147 and 
plant 53 had 101,37 snd 100.5 milligrams of total carotene respece 
tively and were the highest individuals produced 4m any population 
under study, Three groups, the hybrids of the two crosses 21 x 99 
and 59 x 21, and the selfed progeny of plant 99 produced no indi-~ 
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Fig. 3. Mean carotene content of the progeny of three inbred lines and 
two hybrid populations for each cutting date. 
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fable 2, Carotene content and rank of individual 
Lincs and two hybrid progenies, 
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the best being’ 25.5, ST, and 05,5 nil 
| Feepeetively, for the three groups, ‘Plant 99 vas the best from the 
| gelfea progeny of plant 58, showing a total of 99,1 mflligrans of 
_ carotene produes’ fn three cuttings; vitle the plant with the 
Rana een Sree it Sehtes pememty ot stot foe a 
with 72.6 milligrans of carotene, ¥ 
| Tah ween tote uretane profane’ pur phat tn seats geet 
presented In Table 2, The selfed progeny from plant 58 showed the 
highest mean (77.43 milligrams), followed clorely by the 21 group 
with @ mean of 77,08 milligrams of earctens, ‘the selfed progeny 
of plant $9 vas third highest with a mean total of 75,09 milli~ 
grom, The moan total carotene per plant produced by the hybrid 
progentas of the tvo crosses was 73447 ond 73.81 milifgrans for 
99 & 21 and 21 x 55, respectively, the peipenton frou plant 7 
any ae ees ot ir ees sete, srodticing an average total, 

 Pable 3 shows the total carctens produced by the selfed 

progeny of plant 21 and the hybrids from the cross 21 x 95, with 
indtyidual plants arrange’ in the order of their ranks A 4iffere 
ence of 4,62 mes of carotene at the S~pereent level and 6422 mee 
at the lepereent level is required for significance im the inbred 
population, Por the croup of Fl's, the difference between plants 
required for significance is 3407 mgs at the Sspercent level and 
4yg22 mgs of carotene at the I~percent level, The deta iIndfeate 
that the plants of these two strains differ significantly from 
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ene another in the total carotene produced in three cuttings. 
fhe correlation between cuttings in regard to constancy of 
rank in suecessive cuttings was caleulated (Table 4). ‘The selfed 
progeny of plant 59 and the hybrid populations from the revipro~ 
eal crosses 21 x 39 and 95 x 21 showed significant correlation 
and third cuttings, respectively, The first and second cuttings 
of the eross 21 x 55 showed highly significant correlation while 
the other tyvo comparisons, first vs, second and second vs. third, 
closely approached significance at the 5=percent level, The 
selfed progeny of plant 21 showed significant correlation among 
when the second and third cuttings were compared. lone of the 
progeny produced by selfing plants 5 or 58 possessed significant 
correlation from cutting to cutting. Table 2 shows the carotene 
content of the plants used in the above calculations and their 
rank in each cutting. 
ent whieh did not show up in the analysis of variance calculations. 
totals to form significant variation suggested that at least two 
sources of variation were present. Genetic segregation in addi-~ 
tion to environmental variation would apparently need to be pres<- 
ent in order to account for these different degrees of signifi«- 
CaNces 
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In order to obtain an indication of the differences in caro~ 
groups were foun’ only in the first eutting, Table 5 shows the 
F values calculated and those nocessary for significance at the 
1 and Sepercent levels, Allowing for varying sample size (Table 2), 
quired at the lepercent level. Figure 3 shows that wider differ- 
of the first; this greater veriation vas nonsignificant because of 
ing to these data, the variation present among the plants of a 
crease in variability within groups was studied by comparing the 
error variance terms calculated for each cutting. Increases in 
variation in the third cutting over that found in both the second 
nificant (P = .08) between the first and second cuttings, 

Ham and Tysdal (1946) suggested that alfalfa plants with dark 
green fnliage might be higher in carotene content than those of a 
less intense green color. Notes were taken on intensity of green- 
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tings, Five classes wore set up, class No» 1 being composed of | 
plants of successively lighter green color. 
individual cuttings of each plant group, All were negative with | 
the exeeption of that calculate for the third cutting of plant 
results indicated that there wes a tren for plants of the lighter 
- ghades of green to possess less carotene than the dark green 
lated pooling data for all plants used in the experiment, A core 
relation coefficient of -,210, significant at the S«persent level 
was caleulated for the second cutting; that obtained for the third 
cutting was «,133, and wes nonsignificant (Figs. + and 5), This 
EE ES NE a Chak We COREE Ieney SUE ee vee 
obtained as a rattor of chances 

it was determined by analysis of the data collected in this 
experiment that ali alfalfa plants do not very consistently in 
their carotene content from one eutting to the next. Therefore, 
it was decided to reanalyze the data collected by Hackerott (19%6) 
from 13 alfalfa clones ané their polycross progeny to determine if 
Similar variations were present in his studies, 

fables 7 and & give the results of these analyses, Correla« 
tion coefficients calculated for all possible comparisons of the 
cuttings of each group show that in only two cases was a signifi+ 
cant correlation found: between the 6/11/+5 and 7/13/45 eutting 
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a7 
Gates of the 13 parental clones, and the 2/28/+5 and 6/5/53 eut- 
ting dates of thoir polyeross progeny, It is significant to note 
that samples taken only two days apart, 2/26/%5 and 2/28/45, did 
not show correlated carotene values, Both sets of samples vere 
taken from rows of 50 seedlings of the 13 polycross progenies under 
study growing in the greenhouse bacterial wilt testing bed, Fresh 
material was used in cerotene analysis of the samples taken on 
these tvo dates, ‘The lack of correlation might be attributed — 
largely to sampling error as it is extremely difficult to obtain a_ 
homogeneous sample from plant material which has not been dried 
- Even though signifiesnt correlation was not eonsistently 
_ found, enough correlation was present to be combined in the totals — 
to show significant differences among the groups being tested. It 
seems evident that although carotene content of alfalfa is highly — 
subject to variability produced by various agencies, genetic dif~ 
nn eee oe 
tween groups of different parentaze, 
Carotene content of the parental plants used was determined | 
by Hackerott (194). Plants 55, 59, and 63 were lost after the 
first cutting. Correlation caleulations were carried out to de~ 
termine if the carotene content of the parental plant as obtained 
by Hackerott (1954) showed significant relationships with the 
first cutting values obtained in 1948 from the game plants, and 
with the first cutting means of the selfed progeny. Ho signifi- 
cant correlation was found, Nonsignificant associations were algo 
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found when earotene content of the parental plants for the first 
tvo years, 1946 and 1945, vere compared with the first cutting 
means of their selfed progenies. 


It was found by analysis of variance of carotene content of 
the four inbred Lines from plants 5, 21, 55, and 58 that measura~ 
_ dle ifferences in the amount of variation shown existed, The vari~ 
ation present in the selfed progenies of plants 5, 53, and 98 was 
found to be nonsignificant, oven though wide @ifferences wore pres- 
ent in the various cuttings of each of these plant groups, Simi~ 
er variation existed in the separate cuttings of the selfed prog- 
eny of plant 213; however, these differences were combined in the 
totals to form significeart variation when the data were enelysed, 
This difference in significance of variation in the selfed progeny 
of plant 21 apparently must be due to causes other than those found 
in the other three sroups, assuming that environmental influence on 
all four groups was the same, This could be explained by assuming 
heterozygosity of plant 21 for the factors present for carotene 
content expression and a relative degree of homozygosity for these 
genes in the other three populations, It was observed in Table 2 
the 21 selfed population, This could be due to segregation in 
plant 21, The variation present in the selfed progeny of plant 98, 
although nonsignificant, approached such at the S~pereent level, 
High individuals were produced in this population also, Thus, it 
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esons that plant 58 could possess a degroo of hoteroaygosity sone= 
_ what less pronounced than that present in plant 21, 

In reciprocal crosses, 1t is expected that variation within 
the tvo hybrid groups will be approximately the sane if only genie 
differences are involved, Tne ealeulated F value for within group 
| @ifferenees in the eross 35 x 21 was nonsignificant while that 
present in the hybrids whose female parent was plant 21 (21 x 55) 
was found to be highly significant, It is logical to assume that 
an additional cause of variation is present in the latter cross 
which does not exist in its reciprocal tross 55 x 214 The dif= 
ferences which were obtained in the selfed progeny of plant 21 
and in the hybrid progeny of which 21 was the female parent, might 
be explained by assuming a cytoplasmic influence as well. as genic 
CE NEP RTS SR 
of carotene content. 

The results of correlation studies made support these conelu- 
tent from one cutting to the next was found only in the selfed 
progeny of plant 21, Hishly significant correlation was present 
between the first and second cuttings of the cross 21 x 95, with 
correlation among the first and third and second and third eut- 
tings approsching significanse at the S«percent level (Table 4). 
The selfed progeny of plant 55 and hybrids which had this plant — 
as their fomale parent showed significant correlation between the 
first and third and the second and third cuttings respectively, 
with other comparisons in bota groupa falling well below signifie 
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emoe at tho Sapercont Levey Rtistittcn, sn, the araeet seem 
of plant 21 oculd be @cylaian as Si Aemnt beterenrgout sete, 
but the differances present between 
‘plant 22 and plant 955 a EEL covetremen enhy Woden 
SpeeEES of sone cates EEE Seman IAe oly Beg 
the female parent. 7 | 

Analysis of the data obtained indicated that a significant 
association did not oxist in the plants used in this experiment 
Gru (1948), in a reviow of the Literature concerned with advanes+ 
ments im the geneties of alfalfa, reported that Schrock found the 
intensity of groan color tn alfalfa leaves to be controlled by a 
single major factor, Limited information suggest that the total . 
anount of carotene in the alfalfa plant might be controlled by 
genic factors, The results of this work in@icate that cytoplas~ 
mie influence might also be present in some eases. If intensity — 
. of green color in alfalfa foliage ts controlled by ane dominant 
factor, it seons unlikely that there vould -be an association of 
color ané carotene content unless some of the factors for caro~ 
tene content expression were Linked vith the color factors. The. 
results obtained indicate that a nonsigaifieant trend existed 
among the plents used in this experimont, for those of darker 
green color to possess more carotene than the lighter green plantas 
Thee, dark gcreon leaf evlor should not be used as a single eriteria 
upon which tc base selection of alfalfa plants for high earotens 
content. 


x 
Variebllity within the plant groups studied tn this experi- 
ment increased with euttings, If the view is taken that young 
rapidly growing plants are more susceptible to environmental 
fluctuations than are established plants, then their inharant 
potentialities vor eerotene production could be more easily masked 
“than thoso of older plants. ‘The influence of onvironment on earos 
tene content of alfalfa is so great that differences are hidden 
even though the plants of the population wider consideration might 
be genetieally different in rogard te the factors for earotene 
- gontemt expression, For this recson, in order thet an sccurate 
study of the carotene content of alfalfa may be made, only plents 
_ which have been established for « yoar or more should be used, 
It is suggested that these plants might be sat out in clonal 
lines. This would enable the oxporimenter to take miltiple sam 
ples each time the plants were eut, Orily one sample per cutting 
was obtainable in this experiment, ‘Statistien? results were thus 
weakened, as different sampling dates vere not considered to be 
Ham and Tysdal (1946) found that about 77.1 percent of the 
eerotene of the alfalfa plant ver located in the leaves. They 
also reported that there was little variation between the eare- 
tene content of the stems of young and old alfalfa plants, Tacke 
erott (1946) decided that differences in carotene content between 
plants evidently were due to differences in concentration of carne 
tene mn the leaves of the plant concerned as well as to a changing 
leef=stem ratio, Fron a plant breeding standpoint, samples ob- 


33 
tained from mixtwres of leaves and stems probably give an aceurate 
- pleture of the total carotene as it actually exists in the alfalfa 
plant. However, since the constant carotene eontent of the sten 
will effect the changing concentration within the leaves, leaf 
enalysis should also be run in order to determine the extent of 
: these differences in concentration. | 
he eomplextty of the problem of cargtene content in alfalfa 
has been emphasized by the results of this experiment, The in+ 
horitance of carotene ts probably controlled by interacting gow 
netic and environmental factors, and the possibility exists that. 
eytoplasmie influences may be involved, It is considered that 
segregates have been obtetned in this experiment which will be 
useful in the contimuation of the study of the inheritance of 

earotene content of alfalfa. 


SUMMARY 


Bvidence has been obtained Indicating that the parental 
plants used in this stu@y varied tn thelr genetie constitution of 
the factors controlling carotene content in alfalfa, In additdony 
it is believed thet parentel plant 21 might contain « eytoplasmte 
factor inflnencing carotene as different degrees of significanse 
were obtained in which it waa used as the male and fomale parert 
4n reciprocal crosses, 

The results of correlation studios made between dark green 
deaf coler and carotene content indicate there was no significant 

Peletionship existing in the plants used in this experiment. ‘The 


ci 

use of this factor alone as a ordteria of high carotene content 
in alfalfa is not recommended. 

The inheritance of carotene content in alfalfa probably rests 
on complex interaction between environment and heritable factors 
‘within the plant. It is considered that segregates have been Ghe 
_ tained which will be useful in a continuation of the study of the 
inheritance of carotene content of alfalfa, 
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